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,QWURGXFWLRQ
6HYHUDOK\GUDXOLFPRGHOVKDYHEHHQXVHGIRUWKHVLPXODWLRQRIULYHUIORZ7KHPRVWFRPPRQO\LQXVHDUHWKHRQH
GLPHQVLRQDOPRGHOVZKLFKDUHVLPSOHUWRXVHEXWIDLOWRSURYLGHGHWDLOHGLQIRUPDWLRQUHJDUGLQJWKHIORZILHOG7KLV
OLPLWDWLRQ FDQ EH RYHUFRPH E\ DSSO\LQJ WKH WZRGLPHQVLRQDO PRGHOV :LGHO\ XVHG VRIWZDUH SDFNDJHV IRU '
PRGHOOLQJDUHWKH0,.(PRGHO>@DQGWKH)/2:'PRGHO>@7ZRGLPHQVLRQDOPRGHOOLQJKDVWKHDGYDQWDJH
RIIORZSURSDJDWLRQVLPXODWLRQZLWKJUHDWDFFXUDF\1HYHUWKHOHVV'PRGHOVUHTXLUHVXEVWDQWLDOFRPSXWDWLRQDOWLPH
DQGDILQHULYHUJULG7KHSXUSRVHRIWKLVVWXG\ZDVWRVLPXODWHULYHUIORZE\XVLQJDFXUYLOLQHDUJULGEDVHGPRGHO
0,.(&LQFRPSDULVRQWRDUHFWLOLQHDUJULGPRGHO0,.(
6WXG\DUHD
7KH.RLOLDULV5LYHU%DVLQLVORFDWHGNPHDVWRIWKHFLW\RI&KDQLDLQ&UHWH7KHEDVLQH[WHQGVIURPWKH:KLWH
0RXQWDLQVWRWKHFRDVWOLQHDQGKDVDWRWDOFDWFKPHQWDUHDRINP7KHWRWDOOHQJWKRIWKH.RLOLDULV5LYHUQHWZRUN
LVNP7KHULYHUKDVWZRWHPSRUDU\WULEXWDULHVDQGWZRSHUPDQHQWGLVFKDUJHGIURPWKHNDUVWLFV\VWHPRIWKH:KLWH
0RXQWDLQVWKURXJK6W\ORVVSULQJV)LJ)URPWKHLQWHUVHFWLRQSRLQWZKHUHDOOWKHVWUHDPVPHHWWRWKHRXWIORZ
SRLQWWKHOHQJWKRIWKHULYHULVNP7KHWRSRJUDSK\RIWKHVWXG\DUHDLVVPRRWKZLWKDPLOGVORSHRI>@DQG
WKHJHRORJ\RIWKHEDVLQLVPDLQO\NDUVWZLWKTXDWHUQDU\±QHRJHQLFGHSRVLWVDQGIO\VFKIRUPDWLRQV,QWKH.RLOLDULV
5LYHUEDVLQWKHUHDUHWKUHHWHOHPHWULFK\GURPHWULFVWDWLRQV)RUWKHSUHVHQWVWXG\IORZGDWDIURPWKHK\GURPHWULF
VWDWLRQRI$JLRV*HRUJLRVDUHXVHGWRGHWHUPLQHK\GURORJLFDOSDUDPHWHUV

)LJ/RFDWLRQRI.RLOLDULV5LYHU%DVLQ
0HWKRGRORJ\
3.1. MIKE 21 & MIKE 21C hydrodynamic equations 
0,.(DQG0,.(&DUHWZRGLPHQVLRQDOPDWKHPDWLFDOPRGHOVIRUWKHVLPXODWLRQRIZDWHUIORZDQGVHGLPHQW
WUDQVSRUW7KHK\GURG\QDPLFSDUWRIWKHPRGHOVVROYHVWKHYHUWLFDOO\LQWHJUDWHG6DLQW9HQDQWHTXDWLRQVFRQWLQXLW\
DQGFRQVHUYDWLRQRIPRPHQWXPLQWZRGLUHFWLRQV(T	GHVFULEHWKH0,.(+'PRGHO>@DQG(T	
GHVFULEHWKH0,&(&+'PRGHO>@

MIKE 21 hydrodynamic equations 
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&LVWKH&KH]\URXJKQHVVFRHIILFLHQW5VDQG5G
DUHWKHUDGLLRIFXUYDWXUHRIVDQGQOLQHVUHVSHFWLYHO\DQG5+6LVWKHULJKWKDQGVLGHGHVFULELQJDOORI5H\QROG
VWUHVVHV
7KHJHQHUDOYHUVLRQRI0,.(LVEDVHGRQDUHFWLOLQHDUJULGIRUVLPXODWLRQVRIRSHQVHDDQGFRDVWDODSSOLFDWLRQV
+RZHYHU LQ ULYHU DSSOLFDWLRQV DQ DFFXUDWH UHVROXWLRQRI WKH ERXQGDULHV LV UHTXLUHGZKLFKQHFHVVLWDWHV WKH XVH RI
FXUYLOLQHDUJULGV7KHEHQHILWVRIXVLQJDFXUYLOLQHDUFRPSXWDWLRQDOJULGDUHYLVXDOL]HGLQ)LJZKHUHDULYHUUHDFKLV
UHSUHVHQWHGE\ERWKJULGV7KHFXUYLOLQHDUJULG0,.(&UHTXLUHVIHZHUFRPSXWDWLRQDOSRLQWVDQGWKXVVPDOOHU
VWRUDJHFDSDFLW\WKDQWKHUHFWLOLQHDUJULG0,.(SURYLGLQJDWWKHVDPHWLPHDEHWWHUUHVROXWLRQRIWKHIORZQHDU
WKHERXQGDULHV>@

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)LJ/HIW$UHFWLOLQHDUJULG0,.(PRGHO5LJKW$FXUYLOLQHDUJULG0,.(&PRGHOE\0,.(&8VHU*XLGH
7KHFXUYLOLQHDUJULGLVFRQVWUXFWHGE\WKHJULGJHQHUDWRUZKLFKVROYHVDVHWRIHOOLSWLFSDUWLDOGLIIHUHQWLDOHTXDWLRQV
(T	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7KHERXQGDU\FRQGLWLRQIRUWKLVV\VWHPLVWKHQRQOLQHDURUWKRJRQDOLW\FRQGLWLRQ
ݔకݔఎ ൅ ݕకݕఎ ൌ Ͳ 
݂ሺݔǡ ݕሻ ൌ Ͳ 
:KHUH(TH[SUHVVHVWKHFRQGLWLRQRIRUWKRJRQDOLW\DQG(TH[SUHVVHVWKHORFDWLRQRIJULGSRLQWV[\
RQDVSHFLILFFXUYHGHVFULELQJWKHERXQGDU\7KHUHIRUHWKHUHLVQRGLIIHUHQFHEHWZHHQWKHFXUYLOLQHDUDQGUHFWLOLQHDU
JULGEDVHGPRGHOVLQWKHSK\VLFDOHTXDWLRQVEXWLQWKHLUVROXWLRQLQWKHJULG
3.2. MIKE 21C – curvilinear grid model set-up 
7KHPRVWLPSRUWDQWSURFHVVLQWKH0,.(&PRGHOLVWKHFUHDWLRQRIDVXLWDEOHFXUYLOLQHDUJULG>@7RGRWKLVDQ
DFFXUDWHGHVFULSWLRQRIWKHEDQNOLQHVLVUHTXLUHGWKHFRRUGLQDWHVRIZKLFKZDVGHULYHGIURPVDWHOOLWHLPDJHVDQGFURVV
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VHFWLRQGDWD$GHQVHFXUYLOLQHDUJULGSURYLGHVDFFXUDWHVLPXODWLRQVRIWKHZDWHUIORZ$EDWK\PHWU\GDWDILOHRIWKH
ULYHUEHGLVDOVRUHTXLUHGIRUWKHVHWXSRIWKHPRGHO
7KHPRGHOZDVFDOLEUDWHGIRUWKHWLPHSHULRG$VERXQGDU\FRQGLWLRQVKRXUO\GDWDRIWKH
IORZZHUHVHWIURPWKHK\GURG\QDPLFVWDWLRQRI$JLRV*HRUJLRV0DQQLQJQXPEHUFRHIILFLHQWDQG(GG\9LVFRVLW\
ZHUHVHOHFWHGDVPRGHOFDOLEUDWLRQSDUDPHWHUV0DQQLQJQXPEHU0LVXVHGWRGHVFULEHWKHUHVLVWDQFHWRIORZGXHWR
FKDQQHO URXJKQHVV FDXVHG E\ VDQG RU JUDYHO EHG EDQN YHJHWDWLRQ DQG RWKHU REVWUXFWLRQV 7KH (GG\ 9LVFRVLW\
UHSUHVHQWVWKHPROHFXODUYLVFRVLW\DQGWKHHIIHFWVRIWXUEXOHQFHIURPWKH5H\QROG¶VVWUHVVWHUPV7KHVHWZRIDFWRUV
FDQDIIHFWWKHZDWHUVXUIDFHSURILOHRIDULYHUVLPXODWLRQ7KHJRRGQHVVRIWKHFDOLEUDWLRQILWZDVWHVWHGDJDLQVWWKUHH
VWDWLVWLFDOPHWULFV SURSRVHG E\0RULDVL HW DO >@ WKH1DVK±6XWFOLIIH(IILFLHQF\ 16( 3HUFHQW%LDV 3%LDV DQG
506(REVHUYDWLRQVVWDQGDUGGHYLDWLRQUDWLR565
3.3. MIKE 21 – rectilinear grid model set up 
7KHSDUDPHWHUVRI WKHK\GURG\QDPLFPRGHO0,.(ZHUH LGHQWLFDO WR WKRVH LQWURGXFHG LQ WKHK\GURG\QDPLF
PRGHO0,.(&DIWHUWKHFDOLEUDWLRQH[FHSWWKHEDWK\PHWU\ILOHZKLFKZDVLPSRUWHGLQWRDUHFWLOLQHDUJULG7KH
UHFWLOLQHDUJULGUHTXLUHVHTXLGLVWDQWJULGVSDFLQJLQWKH[DQG\GLUHFWLRQDQGWKXVWKHUHVXOWLQJJULGZLOOEHDUHFWDQJOH
UHVROYHGZLWKUHFWDQJXODUHOHPHQWV
5HVXOWV
4.1. Bathymetry results 
,QWKHFXUUHQWVWXG\DGHQVHFXUYLOLQHDUJULGRIWKHGRZQVWUHDPVHFWLRQRIWKH.RLOLDULV5LYHUZDVFUHDWHGXVLQJ
[FHOOV7KHQDEDWK\PHWU\ILOHZLWKRQO\WKHFRRUGLQDWHVDQGWKHLUKHLJKWVDERYHVHDOHYHOZDVFUHDWHGXVLQJ
DYHU\KLJKDFFXUDF\'(0P[PDQGLPSRUWHGLQWRWKHFXUYLOLQHDUJULG)LJDQGWKHQLQWRDUHFWLOLQHDUJULG
)LJ

)LJ%DWK\PHWU\ILOHLPSRUWHGLQWRDFXUYLOLQHDUJULG
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)LJ%DWK\PHWU\ILOHLPSRUWHGLQWRDUHFWLOLQHDUJULG
4.2. Calibration results 
7KHFDOLEUDWLRQSURFHVVZHUHSHUIRUPHGHVWLPDWLQJWKH0DQQLQJQXPEHUDQG(GG\9LVFRVLW\SDUDPHWHUVVRWKDWWKH
PRGHOUHVXOWVWREHLQDJRRGDJUHHPHQWZLWKWKHREVHUYHGZDWHUGHSWKPHDVXUHPHQWVGDWD)RUWKHFRPSDULVRQRI
WKHFXUYLOLQHDUJULGPRGHO0,.(&DQGRIWKHUHFWLOLQHDUJULGPRGHO0,.(ZLWKWKHILHOGREVHUYDWLRQVZDWHU
ILHOGGDWDIURPWKHK\GURPHWULFVWDWLRQRI$JLRV*HRUJLRVIRUDWLPHSHULRGRIGD\VZDVXVHG7KLVWLPHSHULRGZDV
FKRVHQDVDUHSUHVHQWDWLYHWLPHSHULRGZLWKYHU\ORZDQGYHU\KLJKGLVFKDUJHV)LJGHSLFWVVLPXODWHGZDWHUGHSWK
YHUVXVWKHREVHUYHGGDWDDW$JLRV*HRUJLRVIRUWKHFDOLEUDWLRQSHULRGRIWKHWZRPRGHOV7KUHHVWDWLVWLFDOPHWULFVZHUH
DOVR FDOFXODWHG IRU WKHFRPSDULVRQRI WKH WZRPRGHOVZLWK WKH ILHOGPHDVXUHPHQWV WKH1DVK6XWFOLIIH(IILFLHQF\
16(WKH565DQGWKH3%LDV)RUWKHFXUYLOLQHDUJULGPRGHO0,.(&WKH16(ZDV565DQG
3%LDVDQGIRUWKHUHFWLOLQHDUJULGPRGHO0,.(WKH16(ZDVXQVDWLVIDFWRU\SHUIRUPDQFHUDWLQJ565
DQG3%LDV,WLVHYLGHQWIURP)LJDQGWKHVWDWLVWLFDOLQGLFDWRUVWKDWWKHSHUIRUPDQFHRIPRGHO0,.(&
LVPXFKEHWWHUWKDQWKHRQHRI0,.(
0DQQLQJQXPEHU0YDULHVDFURVVDULYHUFURVVVHFWLRQ>@$IWHUWKHFDOLEUDWLRQSURFHVVWKH0DQQLQJQXPEHUIRU
WKH ILUVW ]RQHZKLFK UHSUHVHQWV WKH ERWWRPRI WKH ULYHU SURILOHZDV IRXQGPV IRU WKH VHFRQG ]RQHZKLFK
UHSUHVHQWVWKHDUHDFORVHWREDQNVZDVIRXQGPVDQGIRUWKHWKLUG]RQHZKLFKUHSUHVHQWVWKHRYHUEDQNDUHDZDV
IRXQGPV7KHYDOXHRI(GG\9LVFRVLW\ZDVHVWLPDWHGDWPV

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)LJ6LPXODWHGYDOXHVRIZDWHUGHSWKE\0,.(&PRGHOUHGFRORUE\0,.(PRGHOJUHHQFRORUFRPSDUHGWRWKHREVHUYHGYDOXHV
EOXHFRORU
&RQFOXVLRQV
7KHDLPRIWKLVVWXG\ZDVWKHFRPSDULVRQRIDFXUYLOLQHDUJULGEDVHGPRGHOZLWKDUHFWLOLQHDUJULGEDVHGPRGHO
7KHGLIIHUHQFHEHWZHHQWKHWZRJULGVLVWKDWWKHJULGOLQHVRIWKHFXUYLOLQHDUJULGIROORZWKHEDQNOLQHVRIWKHULYHU
SURYLGLQJDEHWWHUUHVROXWLRQRIWKHIORZQHDUWKHERXQGDULHV7KHZDWHUGHSWKUHVXOWVRIWKHWZRPRGHOVFRPSDUHG
ZLWKWKHILHOGREVHUYDWLRQVDQGWKUHHVWDWLVWLFDOPHWULFVSURYHGWKDWWKHFXUYLOLQHDUJULGEDVHGPRGHOUHVXOWVZHUHLQ
EHWWHUDJUHHPHQWZLWKWKHILHOGPHDVXUHPHQWV2QWKHRWKHUKDQGWKHUHFWLOLQHDUUHTXLUHVDVPDOOHUFRPSXWDWLRQDOWLPH
VWHSLQRUGHUWRFUHDWHVWDEOHFRQGLWLRQVLQWKHPRGHODQGWKXVJUHDWHUFRPSXWLQJWLPHKRXUVYHUVXVKRXUVIRU
WKHFXUYLOLQHDUJULGPRGHODQGODUJHUVWRUDJHFDSDFLW\

$FNQRZOHGJHPHQWV
7KHDXWKRUVZRXOGOLNHWRDFNQRZOHGJH'+,IRUSURYLGLQJWKH0,.(&VRIWZDUHXVHGLQWKLVUHVHDUFKZRUNDQG
WKH³$5,67(,$,,´$FWLRQ5(,1)25&(SURJUDPDQGHVSHFLDOO\'U$OH[DNLV'LPLWULVDQG3URI,RDQQLV7VDQLVIRU
SURYLGLQJWKHKLJKUHVROXWLRQ'(0GDWD
5HIHUHQFHV
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